Background: Campylobacter and Salmonella are two of the major foodborne pathogens that contribute to the burden of disease. The cytolethal distending toxin (CDT) has been identified as one of the virulence factors that may contribute to pathogenesis and gastroenteritis. The CDT is a trimeric subunit toxin produced by gram-negative bacteria that initiates cell-cycle arrest and causes affected cells to die by apoptosis. This study investigated the occurrence of CDT among Salmonella and Campylobacter spp. isolates recovered from animals along the food supply chain and from gastroenteritis cases in Qatar.
Introduction
Foodborne illnesses pose major health burdens worldwide. In the U.S. alone, it is estimated that 48 million people become ill due to foodborne diseases, 128,000 of those cases being hospitalized and 3,000 resulting in death (CDC, 2015) . The World Health Organization (WHO) estimates that 2.2 million people worldwide die per year of diarrheal food and waterborne diseases alone (WHO, 2015) . Although data on individual countries is available, information on the global burden of foodborne diseases is lacking, but estimated cost per individual nation is high (Havelaar et al., 2009; Hoffmann, Batz, & Morris, 2012) . Foodborne Diseases Burden Epidemiology Reference Group (FERG) along with WHO are currently undertaking the estimation of the worldwide burden of foodborne disease, listing Campylobacter and Salmonella spp. among the top challenges (WHO, 2015) . disease (Hird, Stein, Kuchenmuller, & Green, 2009 ) especially in very international regions. Current detailed data on the pathogenicity of foodborne pathogens is required to mitigate the risks of transmission.
Food animals are known to be reservoirs for foodborne pathogens, therefore food products from these animals could be considered a threat to the safety of the food supply chain, putting humans at risk of contracting salmonellosis (David et al., 2013; Gorski et al., 2011; Ishihara et al., 2009; Wahlström, Andersson, Plym-Forshell, & Pires, 2011) . Perpetuation of pathogens in the environment may exacerbate the risk of salmonellosis as well from direct exposure through occupational practices (LeJeune & Kersting, 2010; Saeed & Hamid, 2010) . Furthermore, the risk of pathogenesis in the population has been attributed to cross-contamination between meat handlers and carcasses in processing plants around the world (Gomes-Neves et al., 2012; Wamalwa, Castiello, Ombui, & Gathuma, 2012) . Knowledge of the occurrence and distribution of these pathogens along the food supply chain of animal origin is needed in order to devise cost-effective strategies to mitigate associated risks.
In addition to the immediate gastrointestinal symptoms associated with infection of these pathogens, there is the risk of chronic sequelae. The mechanisms by which these pathogens predispose hosts to these sequelae are poorly understood. Several studies hypothesize the role of CDT (cytolethal distending toxin) in the pathogenesis (Smith & Bayles, 2006; Jindasa, Bloom, Weiss, & Duhamel, 2011; Pokkunuri et al., 2012) . However, the data remains scarce.
CDT is a bacterial toxin that initiates cell cycle arrest prior to mitosis in eukaryotic cells. It consists of three protein subunits, CdtA, CdtB, and CdtC. CdtB is the active subunit, the other two subunits bind and deliver CdtB into cells. CdtB's DNase I-like activity results in DNA double-strand breaks which can cause cellular distention and arrest of the G1 and G2 phases of the cell cycle with eventual cell death by apoptosis (Smith & Bayles, 2006; Jindasa et al., 2011) . Due to these occurrences, foodborne pathogens that carry the CDT genes have been implicated in the risk of gastroenteritis as an important virulence factor. Our objectives were: 1) to investigate the presence of this gene in major foodborne pathogens isolated along the food supply chain and from gastroenteritis cases in a highly dynamic and diverse population; and 2) examine the potential correlation between the presence of the CDT among different supply chain samples and human cases.
Methods

Target and Study Populations
We carried out a cross-sectional study to address the stated objective. Campylobacter and Salmonella spp. were recovered from the target populations. Two populations were involved in the sampling, human and non-human. Human subjects were selected from individuals admitted to Hamad Medical Corporation hospitals in Qatar with complaints of gastroenteritis. Fecal samples were collected from the patients and tested bacteriologically for the presence of Salmonella and Campylobacter spp. These samples were collected during routine patient care. Ethical approval was granted from the Institutional Review Board for the use of these samples and patient data. The patients' backgrounds were diverse, including differing ethnicity, nationality, gender, age and diagnosis.
Non-human samples were collected along the food supply chain of animal origin. The animal sources included cattle, camels, chickens and sheep, either at dairy operations, or at abattoirs being processed for human consumption. The animal operations were located throughout the country, and the abattoirs were located in the capitol and processed all the meat supply to the market. Farms were selected randomly and sampled during both the hot (April-October) and cold (November-March) seasons. The abattoirs were also sampled during both seasons to capture potential seasonal variation and animals were selected randomly within the abattoirs. Farmers and managers were sent letters of solicitation outlining the objectives of the study and participation was voluntary.
Sampling Procedures
Three types of samples were collected from animals on the dairy and camel farms, including udder swabs, milk and fecal samples. Sterile gauze pads (4x4in) were used to swab the teats on the udders of individual animals and placed in sterile vials. Composite milk samples (approx. 25 mL from each teat) were also collected in sterile vials. Approximately 100 g of feces were collected per rectum using artificial insemination gloves and sterile lube and placed in plastic sterile collection containers. In addition to samples collected from the animals, environmental samples such as bedding, and water and feed trough swabs were collected. Approximately 100 g of bedding was collected and placed in sterile bags. Water and feed troughs were also swabbed with sterile gauze pads (4x4in) and placed in sterile vials.
At the abattoirs, approximately 50 g of feces was collected from the inside of the large intestines of slaughtered sheep and placed in sterile containers. Carcasses of sheep, cattle and camels were swabbed with sterile gauze pads in four different areas after being dressed, washed and inspected by authorities. Areas targeted were the neck, thorax, flank, brisket and rump. Sterile gloves were worn and changed between each sample so as to prevent cross-contamination. Four swabs were taken from chicken carcasses, two from the inside, and two from the outside, targeting the neck, breast, underwing, thigh and visceral cavity. All samples were transported to Weill Cornell Medical College of Qatar in ice boxes for processing.
Pathogen Isolation
Human Samples
Pathogens were isolated from human samples using standard bacteriological procedure. 1 g of the collected stool samples was diluted with 10ml of phosphate buffered saline (PBS, pH 7.2; Sigma, St. Louis, MO, USA) and 500 μl of this dilution was added to 5 ml of Selenite broth (Oxoid, Basingstoke, Hampshire, UK) for enrichment and was incubated at 37 °C for 24-48 hr.
Salmonella spp.-The enriched samples were subcultured onto MacConkey agar and incubated at 37 °C for 24 hr. Colonies were screened using biochemical tests such as Kilger's iron agar, motility indole-urea agar, Lysin iron agar and o-nitrophenyl-β-D-galactopyranoside. Colonies from these screenings were identified with confirmatory biochemical tests using API 20E (bioMereux, Marcy I'Etoile, France) or VITEK (bioMereux).
Campylobacter spp.-Samples were incubated on CAMP agar at 42 °C in microaerophilic conditions for the isolation of Campylobacter spp. Identification of presumptive pathogens was performed using biochemical tests and serum agglutination reactions according to standard methods.
Non-human Samples
Salmonella spp.-Non-human Salmonella samples were enriched in Tetrathionate broth (Becton, Dickinson and Company; Sparks, MD, USA) and were then spread on XLT4 agar plates (MOLTOX®, Boone, NC, USA). Positive colonies of the primary enrichment media were then transferred to 500 μl of BHI broth (secondary enrichment) and incubated for 24 hr at 37 o C.
Campylobacter spp.-The primary enrichment consisted of BHI supplemented with Cefoperazone (6 mg/L), Vancomycin (6 mg/L), and Amphotericin B (2 mg/L). The primary enrichment was inoculated with the samples and incubated at 37 o C for 24 hr. The secondary enrichment also was BHI and was also incubated at 37 o C for 24 hr.
PCR Detection
PCR detection was performed to determine pathogen presence using the BAX® Automated System (Dupont, USA). A 5 μl aliquot of the respective secondary enrichment (BHI or MEC broth) was added to 200 μl of the buffer (proteinase-containing lysis buffer) provided by the manufacturer. Samples were then heated in the lysis reagent solution to rupture the bacterial cell wall and release the DNA. PCR tablets, which contain all the reagents necessary for PCR plus fluorescent dye, were hydrated with the lysed sample and processed in the cycler/detector provided by the manufacturer. Within a few hours, the polymerase chain reaction (PCR) amplified a DNA fragment specific to the target. The amplified DNA generates a fluorescent signal, which the BAX® system application uses to analyze the findings. Results are displayed on a monitor screen as simple positive or negative symbols.
CDT Detection
Genomic DNA was then extracted from the pure cultures following the MasterPure DNA purification kit (Epicenter Biotechnologies, Madison, WI, USA). Then PCR amplification and gel electrophoresis were utilized to determine the presence of the genes for CDT subunits among the samples. CdtB was the primary subunit tested for due to it being the active subunit (Smith & Bayles, 2006; Jindasa et al., 2011) . The CDT genes were detected in Campylobacter samples using the Takara Campylobacter Detection Kit (Takara Bio Inc., Japan). Primers used for cdtB detection in Salmonella samples were; Forward: 5'-tgcagctatatttcttttgcctgcg-3' and Reverse: 5'-acagcttcgtgccaaaaaggc-3'.
Statistical Analysis
The population specific prevalence of these pathogens was computed as the proportion that tested positive out of all samples that were tested within each population. The prevalence of CDT within each pathogen and among different populations was computed as the proportion that tested positive for cdt genes out of all the samples that tested positive for the particular pathogens. The significance of differences in the prevalence of the pathogens between humans and non-human, and the prevalence of CDT among isolates from the two populations was evaluated using the student-test. The odds of a particular pathogen within each population was evaluated using logistic regression and quantified using the odds ratio (OR). The significance of association of both pathogens in a particular sample from non-human sources was evaluated using the McNemar chi-square test. All statistical tests were performed using the SPSS v.23 (IBM-statistical software, White Plains, NY) and P-values were evaluated at P < 0.05.
Results
Salmonella spp. was present in 159 out of 1128 non-human samples (14%) and in 402 out of 776 human samples (52%). There was a significant difference in the prevalence of Salmonella spp. between the two populations. The odds were about 7 times greater to isolate Salmonella spp. from humans in comparison to non-humans (Table 1) . Campylobacter was present in 155 out of 1128 non-human samples (14%) and 177 out of 776 human samples (23%). The odds were about two times greater to detect Campylobacter spp. among gastroenteritis cases in comparison to non-human sources (Table 1) . Within the non-human samples there was no significant difference in the prevalence of Salmonella in comparison to Campylobacter (both 14%). We also evaluated the odds of pathogens, Campylobacter spp. and Salmonella spp. occurring in samples collected from non-human sources using the McNemar chi-square test. A total of 30 samples had both pathogens and there was no significant association which indicates that the occurrence of both pathogens was random.
C. jejuni was more common among the human isolates in comparison to C. coli (77 vs. 24%) (Figure 1 ). C. lari was not detected among the samples collected from humans. The odds were 4 times greater to isolate C. jejuni from gastroenteritis cases compared to C. coli (OR = 4.0) ( Table 2 ). Both C. jejuni and C. coli occurred at an equal proportion among non-human samples (62 and 63%) ( Figure 1 ). The odds of C. jejuni occurrence was two times greater in samples collected from gastroenteritis cases compared to samples from non-human sources (OR = 2.1) ( Table 3) . On the other hand, the odds were about six times greater to detect C. coli in samples from non-human sources in comparison to gastroenteritis cases (OR = 5.5) ( Table 3) . Neither of the pathogens were isolated from the same case of gastroenteritis. Among the Campylobacter spp. isolates from non-human sources, 96 were C. jejuni and 98 were C. coli. The cdtB gene was more common among the C. coli isolates in comparison to C. jejuni isolates (54 vs. 29%), occurrence of the cdtC gene was similar (51 vs. 34%) (Figure 2) . Table 4 shows the significance of the concurrent occurrence of cdtB and cdtC in Campylobacter spp. isolated from each source. The kappa statistics demonstrate they are likely pathogenic due to the occurrence of both genes (Table 4 ). The distribution of cdtB and cdtC among the human isolates of C. jejuni and C. coli are shown in Figure 3 . These two genes are about three times more common among the C. jejuni than C. coli isolates and were detected at a relatively similar proportion within each species (Figure 3) . genes and there was significant agreement in their occurrence beyond chance (kappa = 0.6) ( Table 4) . Although the two genes were detected at a lower rate among the C. coli isolates in comparison to C. jejuni, there was significant agreement in the occurrence of the cdtB and cdtC among the C. coli isolates (kappa = 0.8) (Table 4) .
Only cdtB was detected in Salmonella spp. animal samples and at a much lower proportion (3%) in comparison to its proportion among the Campylobacter isolates. Similarly, the cdtB gene was detected at a lower proportion among the Salmonella spp isolates from human samples (5%). 
Discussion
The overall objectives of the current study were to shed light on the mechanisms by which foodborne pathogens predispose people to the risk of illness by identifying possible pathogenic agents. The study focused on two major foodborne pathogens, Campylobacter and Salmonella spp. and the possible role of CDT in pathogenesis. Foodborne pathogens have been incriminated in the risk of gastroenteritis and the mechanism of disease is currently not fully understood (Hird et al., 2009 ). The two foodborne pathogens investigated in this study are among the common pathogens that pose significant burden of disease around the world (WHO, 2015); Havelaar et al., 2012; Hoffmann et al., 2012) . Gastroenteritis infections caused by these two pathogens are mostly self-limiting and admissions to hospitals are not common. In a few cases, around 6-7%, patients with gastrointestinal illness may develop sequelae with serious consequences (Hoffmann et al., 2012) . Many factors could play roles in exacerbating the risk of gastroenteritis including CDT (Smith & Bayles, 2006; Pokkunuri et al., 2012) .
We used a multidisciplinary epidemiological approach to investigate the occurrence of these foodborne pathogens in diverse populations (non-humans and humans) and determined the presence of the CDT among the pathogens in order to shed light on one of the putative mechanisms of pathogenicity (Smith & Bayles, 2006; Pokkunuri et al., 2012) . Qatar was chosen due to its diverse social and cultural population which includes diverse food and methods of food preparation. Because of this diversity, we would expect to see diverse pathogens and mechanisms of disease. The more knowledge gained on mechanisms of pathogenicity would greatly aid in mitigating the risk of these pathogens.
We examined the occurrence of these two foodborne pathogens among two populations, humans and animals. To our knowledge this is the first study that attempted to investigate these pathogens in human and animal populations in the same geographic area (LeJeune & Kersting, 2010) . Other studies examine the risk of transmission of these pathogens between animals and humans among certain sectors, food handlers or processors (Saeed & Hamid, 2010; Gomes-Neves et al., 2012) . Our study showed that both pathogens occur at relatively high proportions in samples collected from gastroenteritis cases and from the food supply chain of animal origin. The data also hinted at the potential of transmission of the two pathogens through the food supply chain to human hosts. The investigation was a cross-sectional study where samples were collected from the sources at one point of time and it is difficult to extrapolate the directionality of the transmission. The rationale for the apparent higher occurrence of the pathogens among humans in this study could be explained by the fact that all the samples were collected from patients admitted to the hospital with the complaint of gastroenteritis, a condition associated with Campylobacter and Salmonella spp. infections.
Although CDT is known as one of the virulence factors that plays a role in the pathogenicity of Campylobacter spp., the exact mechanism by which gastroenteritis develops is poorly understood. Most of the published research has focused on the method in which CDT affects cells and not proportion of infection. It has been suggested that differences in the protein subunits cdtA and cdtC could influence which types of cells CDT affects, so while CDT is not specific to different types of bacteria, it may be affected by cell specificity which could explain differing pathogenicity among hosts (Smith & Bayles, 2006; Jindasa et al., 2011) . In this study, the association between the presence of both cdtB and cdtC among gastroenteritis cases was investigated and we found that both subunits were detected in 84% of C. jejuni and 79% of C. coli cases with CDT genes. In comparison to Mortensen's et al. study, we were able to detect both subunits of the CDT in a lesser, but not significantly different, proportion (Mortensen et al., 2011) . However, the role of the CDT in the pathogenesis of gastroenteritis is not fully understood. By virtue of its toxicity, CDT has been incriminated in the risk of chronic gastroenteritis sequelae, including Inflammatory Bowel Disease as shown in studies on rats (Pokkunuri et al., 2012) . CDT has the ability to attack the cells of intestinal villi, which allows normal bacterial biota to enter and cause infection.
One of our objectives was to shed light on the correlation in the occurrence of these foodborne pathogens and the CDT genes in the food supply chain of animal origin and in cases of gastroenteritis in humans. The intent was to evaluate this correlation at the population level and examine whether the rate of occurrence of the CDT gene for these pathogens was similar among isolates from the two populations. The rationale was to explore whether the food supply chain of animal origin has the potential to predispose humans to the risk of gastroenteritis and whether we could identify points of intervention along the chain. We are not familiar with studies that have attempted to address a similar objective. One study examined the occurrence of the CDT genes in Campylobacter spp. from animal and human sources, however it was not clear if the isolates were collected at the same time (Findik et al., 2011) . Acik, Karahan, Ongor and Cetinkaya (2013) examined the prevalence of the cdtB and cdtC in samples of C. jejuni and C. coli recovered from sheep and reported a similar proportional occurrence of this virulence factor as observed in our study. Other studies observed convenient samples of isolates or single species (Dipineto et al., 2001; Ge, Schauer, & Fox, 2008; Band et al., 2001) and some specifically looked at strains known to carry CDT genes (Pickett et al., 2003; Pickett et al., 1996) . Reports of Campylobacter prevalence are similar to our findings, C. jejuni prevalence was much higher than C. coli (Dipineto et al., 2001; Band et al., 2001) , though these studies were solely in regards to chickens. We also sampled multiple species of animals, some not previously reported. Work has been done on the different variations of CDT production by different strains of E. coli (Pickett et al., 2003; Tóth, Hérault, Beutin, & Oswald, 2003) and extensive work has been done on Campylobacter (Dipineto et al., 2001; Band et al., 2001; Pickett et al., 1996; Eyigor, Dawson, Langlois, & Pickett, 1999) , but little data is present on Salmonella.
Conclusion
The high prevalence of the cdt genes among Campylobacter isolates, especially C. jejuni in human gastroenteritis cases (cdtB: 67%, cdtC: 63%) points to a critical role as a virulence factor in the pathogenesis of the condition. The concurrent occurrence of this virulence factor (cdtB and cdtC) among isolates from the food supply chain of animal origin indicates that these food sources pose a risk to humans in terms of gastroenteritis and its sequelae. In spite of the fact that the Campylobacter spp. isolates had a similar rate of occurrence of the genes as gastroenteritis cases, none of the live animals showed any clinical signs of disease. By virtue of its toxicity, CDT has been incriminated in the risk of chronic gastroenteritis sequelae, including Inflammatory Bowel Disease and Inflammatory Bowel Syndrome as shown in studies on rats (Pokkunuri et al., 2012) . Knowledge gained on the occurrence of these foodborne pathogens in the food supply system and the presence of the virulence factor could be used to introduce intervention strategies to mitigate their associated risk.
